• Ganoderma lucidum is an interesting raw material in the production of special grain brandy • The extraction parameter had important influence on the content of identified triterpenoid acids
cultivation provided sufficient amount of fungi for commercial exploitations and production of the different drugs and food supplements. Therefore, the interest for this brilliant mushroom has expanded from Eastern countries to all around the world, especially in the Western countries.
The fruit bodies of G. lucidum have woody texture and in food industry are used in different forms, such as alcohol or water extract, powder, syrup and liquors [3] . The world observes the continued growth in usage of all kinds of products made from this mushroom for the promotion of health, but it has also been used to prevent and treat various diseases, including some widespread and deadly diseases like cancer, HIV, hypertension and hepatitis [4] . According to pre-vious research, most of its pharmaceutical activities were assumed to correlate with its antioxidant activity [5] . Based on many scientific reports, many compounds from Lingzhi have proven the antioxidant activity in vitro assays and the most important components of Lingzhi with antioxidant effect are phenolics, triterpenoids and polysaccharides [6, 7] .
Triterpenoid components isolated from G. lucidum are one of the most important group of bioactive compounds and they show important medicinal effects, including anticancer, anti-HIV-1, anti-inflammatory and antioxidant properties [8] [9] [10] [11] [12] [13] . The extracts of Lingzhi's fruit bodies, mycelia and spores contain more than 150 highly oxygenated lanostane-type triterpenoids [14] . These oxidized species can be easily extracted by any organic solvent [15] . Extraction of Lingzhi's wooden fruit bodies in alcohol-water solution can be more successful than extraction in water, because in some cases more bioactive compounds can be dissolved [16] .
The important characteristic of terpenoids is their bitter taste of different intensity. Based on the intensity of bitterness, terpenoids are divided into three groups: intensely bitter (ganoderic acid A, C1, J; lucidenic acid A, D1; lucidon A, C), slightly bitter (ganoderic acid B, C2, K) and very slightly bitter (no bitter) (ganoderic acid D; lucidenic acid B,C, E1, G, H; ganolucidic acid C, D; lucidon B) [17] .
Spirits are alcoholic beverages with content of ethanol over 15-20 vol .%, produced by distillation from fermented agricultural products containing carbohydrates [18] . According to the Regulation on categories, quality and labeling of brandy and other alcohol spirits of the Republic of Serbia, grain brandy is produced by the distillation of a fermented mash of cereals; these spirits have to contain at least 37.5 vol. % of ethanol [19] . In the process of spirits production, distillation is the main step by which the volatile compounds are partially separated. The new product is colorless and often characterized by a raw, unharmonious taste and odor [20] . Distilled beverages have a negligible amount of biologically active compounds. Their composition and biological activity could be improved by maturation in wooden barrels or by the addition of herbs.
In Asian countries, G. lucidum is traditionally used as a raw material for the production of alcohol beverages which are sold in local markets as a symbol of healthy products. The main aim of the addition of G. lucidum is to improve the functional properties of beverages, but moreover to have additional important effects on sensory characteristics. The Japanese sake beverage is manufactured with the addition of Ganoderma extract or its flavor [21] . G. lucidum have been used as raw material in the production of bitter liqueur "Bitter 55" (Ganoderma bitter) [22] . A study has found that the addition of G. lucidum improved both sensory and functional characteristics of traditional Korean rice wine yakja, and also affected its color [23] .
The aim of this study was to examine the possibility of producing the special brandy with G. lucidum and to investigate the influence of extraction parameters (time, concentration) on color, total phenol content, antioxidant capacity, sensory characteristic and the composition and content of triterpenoid acids of obtained brandy.
EXPERIMENTAL
G. lucidum was isolated from the collection of the Department of Microbiology, Faculty of Agriculture, University of Belgrade, Serbia. Grain brandy used in experiment for the production of the special brandies with G. lucidum was obtained from local homemade manufacture. Air-dried fruit bodies of fungi G. lucidum were cut in to pieces (about 1 cm) and mixed with 45 vol.% alcohol medium (grain alcohol). Extraction was performed using shaker in dark place at room temperature for 7, 21, and 60 days with three different concentrations of mushroom: 10, 25 and 40 g/L (Table 1) . After the extractions, the solutions were filtered and the samples of special brandies were stored in glass bottles in dark place at room temperature. All samples were made in triplicate.
HPLC-DAD/ESI-ToF-MS analysis of special grain brandy samples
The analyzed samples (100 mL) were vacuum--evaporated (45 °C) to obtain the desired volume (∼10 mL) and then lyophilizates were dissolved in methanol to the concentration of 10000 mg/mL.
HPLC-DAD/ESI-ToF-MS analyses were carried out on an Agilent 1200 series HPLC system (Agilent To confirm the identity of compounds for which molecular formula was calculated from measured high-accurate masses, an HPLC-DAD/ESI-MS-MS experiment was performed on a Waters TQ (Tandem Quadrupole) instrument coupled with a Waters Acquity UPLC H-Class HPLC system. The HPLC system consisted of a quaternary pump (Waters Quaternary Solvent Manager), an injector (Waters Sample Manager-FTN), and a photodiode array detector (Waters 2998 PDA). The HPLC conditions were the same as those for HPLC-DAD/ESI-ToF-MS. The HPLC effluent was introduced into the ESI ion source of the mass spectrometer without splitting. The detector was operated at low resolution in the full scan mode under the following MS conditions: negative ion mode; capillary voltage, 3000 V; cone voltage, 25 V; source temperature 120 °C; desolvation temperature, 250 °C; drying gas (N 2 ) flow, 500 L/h; scan range, 100-1500 m/z. The ultrahigh purity argon was used as the collision gas for collision induced dissociation (CID) experiments, and the collision energy was set at 20 eV. In the MRM (multiple reaction monitoring) mode, the characteristic transitions of the depro-
-molecular ions of components (Table 2) were measured. The data acquisition and analysis were performed by MassLynx V4.1 software.
Above mentioned HPLC-DAD/ESI-MS-MS experiment in scan mode was used for estimation of amounts of components. Namely, the amounts of compounds were estimated by comparing the peak areas obtained for the particular component (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) with the peak area obtained for the internal standard (cholic acid).
Determination of total phenolics
Determination of total phenolic content (TPC) in the samples of grain brandy with G. lucidum was conducted by the Folin-Ciocalteu method described by Singleton and Rossi [24] .
DPPH radical scavenging activity DPPH-reducing activity was evaluated following the modified procedure described by Kaneda et al. [25] . The analyzed samples (0.2 mL, diluted in different ration with 96 vol.% ethanol) were added to the DPPH working solution (2. 
where A is the absorbance of DPPH solution with ethanol and As-absorbance of a DPPH solution with sample. All experiments were performed in triplicate.
FRAP assay FRAP assay was performed according to the procedure by Benzie and Strain [26] .
Color determination
Color determination of distillate beverages was performed according to the AOAC method [27] . The standard curve was produced with solutions of K 2 Cr 2 O 7 (0.05-0.5 g/L) in 0.005 M H 2 SO 4 , whose absorbance was determined at 430 nm and expressed in color units (CU), ranging from 1 to 10. Color measurements were performed on brandy samples using a portable tristimulus Chroma Meter model CR-400 (Konica Minolta, Osaka, Japan). Results were expressed in Commission Internationaled'Eclairage L*, a* and b* color space coordinates. The following parameters were measured: L* (lightness), a* (+a* = redness, -a* = greenness), b* (+b* = yellowness, -b* = blueness), C* (chroma or saturation) and h (hue angle). CIEL*a*b* parameters were read using CIE illuminant D 65 and the observer angle at 2°.
Sensory analyses
Sensory characteristics of the brandies enriched with mushroom were determined using a modified Buxbaum model of positive ranking. The common quality parameters were evaluated: clearness, color, distinction, odor and taste. In this evaluation a brandy sample may have a maximal score of 20 points [28] . The analysis was conducted by evaluation panel, made of 5 sensory experts. All evaluation experts had long tradition in evaluation of alcohol beverages. Samples were diluted with distilled water to reach an alcohol proof of 45° (vol.%).
Statistical analyses
The determination of polyphenol, antioxidant capacity, sensory characteristics and color were done in triplicate, and data were expressed as mean value ± standard deviation (SD). The experimental data were subjected to the analysis of variance (ANOVA). Analysis was conducted in a factorial arrangement where time extraction and concentration of added G. lucidum were analyzed factors. Tukey's test was used to determine difference (p ≤ 0.01) between the mean values. Statistical analyses were performed with the statistical program Statistica 12 [29] .
RESULTS AND DISCUSSION
The study was conducted to identify and compare the composition and concentration of triterpenoid acids in 9 samples of special grain brandies. In the research following, 15 triterpenoid acids were determined in all samples (Table 2) : ganoderic acid (A, B, C2, C6, D, F, G and J), ganoderenic acid (D), lucidenic acid (A, E, D2 and LM1), 12-hydroxyganoderic acid D and elfingenic acid A. Based on these results, the extraction parameters did not effect on the composition of identified triterpenoid acids in special grain brandies. Previous research reported that the chemical composition of fungi G. lucidum, including triterpenoid acids, depends on the geographical distributions, growth conditions and substrates [30] .
However, the extraction parameters had an important effect on the content of total triterpenoid acids in analyzed brandy samples (2.63-4.06 mg/100 mg, Table 2 ). According to the content of terpenoid acids, the analyzed samples can be ranged as: G5 > G6 > G7 > G4 > G9 > G3 > G1 > G2 > G8.
Wang et al. [31] estimated the quantity of six major triterpenoids in 36 Ganoderma samples. The average content of total triterpenoids in G. lucidum samples was 0.18-1.15 mg/100 mg. Hence, the content of triterpenoids in brandy samples was higher than in the analyzed G. lucidum samples.
Ganoderic acid A was the most abundant ganoderic acid in analyzed samples, which has been confirmed in some previous research [32] . The extraction time influenced ganoderic acid A content; with increasing concentration of added mushroom, the extraction of this compound completed faster. Addition of the higher amount of mushroom in brandy samples had limited effect on increasing the ganoderic acid A content and the highest value was found in sample G5 with 25 g/L mushroom extracted after 21 days.
Total phenolic content and antioxidant properties TPC and antioxidant properties were presented in Table 3 . The results of ANOVA showed that the concentration of mushroom and its extraction time had very significant influence on TPC of these special grain brandies (p < 0.01). The interaction fungi concentration×extraction time did not affect the phenolic content of analyzed samples, which indicates that these factors affect independently.
Grain brandy used as an alcohol medium for the production of special grain brandy (5.1 mg/L) had a low TPC content, which is consistent with all distillated unaged beverages. The phenolic components in the distilled beverages originated from the wooden barrels in which they are stored after distillation.
According to the research of Ziyatdinova et al. [33] , regular brandy shows TPC in the range of 59-334 mg/L gallic acid equivalents (GAE) depending on the type and origin of brandy. In our study, the TPC content of analyzed samples ranged from 34.07 to 118.1 mg/L GAE. It can be concluded that the TPC of these analyzed samples were also significantly increased by adding fungi to the alcoholic beverage. The regular brandies aged for at least two years (3 stars) did not have a significantly higher TPC then special brandies G7, G8, G9 made with 40 g/L G. lucidum [33] . Based on the results, the fungi concentration had a strong influence on the TPC. Also, extraction time did not have a considerable effect on the parameters investigated in the following samples: 25 (G4, G5, G6) and 40 g/L (G7, G8, G9). This outcome indicates that the extraction process was completed within seven days. The only exception of this behavior was the samples G1, G2 and G3 with 10 g/L of mushroom. Based on the results, extraction of phenolics was not finished after 60 days for these samples.
Two antioxidant assays were carried out to evaluate the antioxidant characteristics of analyzed brandy samples: DPPH and FRAP assay. Our results showed a considerable antioxidant potential of analyzed brandy samples, which strongly depends on the concentration of added fungi. The correlation between TPC and antioxidant capacity was very high and presented in Table 4 , with values r (TPC-FRAP) = 0.9702 and r (TFC-DPPH) = 0.9618. Phenolic compounds of fungi significantly improve the antioxidant capacity of grain brandy, which is in correlation with previous research conducted by Kim et al. [3] . Table 4 . Correlation between TPC, antioxidant characteristics and color intensity Color measurement
Color is the most important visual feature, which creates the first and very important impression among consumers. Hence, the color of a distillate beverage is an important characteristic, especially for beverages matured in wooden casks in which the dark golden color signifies the highest quality of beverage. According to this research, the compounds extracted from this mushroom also affect the color of the alcoholic beverage.
The color intensity of grain brandy used as basic alcohol medium was 1.25 CU. After extraction of components from G. lucidum, the color of the brandy changed. Based on the results, it can be concluded that compounds of fungi significantly increased the color intensity of special brandy samples. The differ- ent extraction time did not significantly increase the color intensity of samples with equal concentration of fungi. Hence, addition of higher amount of fungi makes the color more intensive for samples with the same extraction time. The correlation of TPC and color was very high (r = 0.9618). It can be concluded that the color intensity of samples was significantly correlated with phenolic content. According to previous research, the color of plum brandies after 11 years of maturation in sessile oak and 18 year and in mulberry cask [28] was not significantly higher than the color value for the sample of special brandy G7. Therefore, the addition of this mushroom can be regarded as an innovative process and can replace the long period of aging in wooden casks.
The results of CIEL*a*b* method are presented in Table 5 . The L* value decreased with increasing concentration of added mushroom. The value of parameter a* for samples with 10 g/L (G1, G2, G3) was significantly different from the samples with higher concentration (G4-G9), because it was defined with the light tone of green color, and the other samples had light tone of red color. The parameter b* for all samples describes the different intensity of the yellow color. According to the results for the hue angle, and parameters a* and b*, it can be concluded that all samples had yellow color, with very small proportion of red or green color. Based on these results, it can be concluded that with addition of the higher amount of G. lucidum, the lightness of samples is reduced.
Also, the addition of higher amount of mushroom affected the values of a* and b* parameters and therefore increased the proportion of yellow color and red color of samples.
Sensory evaluation
The results of sensory evaluation were between 17.78 and 18.12 (Table 6 ). It is obvious that the brandy samples enriched with G. lucidum were well accepted by sensory experts. The results of factorial ANOVA indicate that the extraction parameters and their interaction did not have statistically significant effect on the sensory scores of special brandy samples. Therefore, the sensory characteristics of analyzed samples were improved with extracted components of fungi, but the quantity of extracted compounds did not have significant influence on the final sensory impression.
The triterpenoid acids were the most important compounds of fungi which define the taste of the brandy samples. Although the lowest content of total terpenoinds acids was found in the sample G8, the share of bitter triterpenoids was higher than in other samples. It can be concluded that the content of bitter acids had the more important influence on the sensory marks than the content of total triterpenoid acids. As reported in the previous research, the specific triterpenoid acid had a different medical effect. The higher content of bitter terpenoids, particularly ganoderic acid A, also improved the antioxidant capacity, antinociceptive, anti-inflammatory and antitumor activity of samples [11] .
CONCLUSION
Chemical composition and sensory characteristics of grain brandy were changed by the maceration of Ganoderma lucidum due to the transition of soluble mushroom compounds in an alcohol-water mixture. Based on the analysis of the content of total phenolics, antioxidant properties and sensory characteristics, it can be concluded that extracted mushroom compounds refined the chemical complex. In the production process, the optimal extraction parameters have to be defined depending on the desired character of products. With the increase of fungi concentration the antioxidant capacity is enhanced, and improves the health characteristics of special brandies, but the higher amount of fungi did not have an important effect on the sensory evaluation. The extracted component colored the samples, and therefore the addition of this mushroom can be regarded as an innovative process and can be an alternative to the process of aging in wooden casks over a long period.
The medicinal mushroom G. lucidum may be an interesting raw material in the production of special brandy with a bitter taste.
